This text takes the Motor Vehicle of 17t-axle-load Centralized Power EMU as the object for research and uses the Computational Fluid Dynamics (CFD) method to calculate and analyze the aerodynamic drag, aerodynamic lift and moment of force at each direction of the train in the condition of steady state running without cross wind and steady state running with cross wind, and makes an evaluation of the aerodynamic performance of the train by comparing it with that of existing trains.
the similar rules. Also, the model test has shortcomings, such as high costs, long cycle and limited measurement data and etc. The numerical simulation method can be used to solve quite a number of problems in research on the dynamics of high-speed train, and meanwhile, the method is fast, convenient and economical, etc. and thus is widely used by researchers from various countries.
Motor Vehicle of 17t-axle-load Centralized Power EMU is "an electric locomotive of centralized power EMU with a speed of 200km/h and an axle-load of 17 tons" developed by CRRC Datong Co., Ltd. based on the technology platform of "8-axle electric passenger locomotive with an axle load of 18 tons and a speed of 200km/h" and combined with the technical features of "China Star" and "Motor Vehicle of Centralized Power EMU with a speed of 200km/h". This text takes the Motor Vehicle of 17t-axle-load Centralized Power EMU as the object for research and uses the Computational Fluid Dynamics (CFD) method to calculate and analyze the aerodynamic drag, aerodynamic lift force and moment of force at each direction of the train in the condition of steady state running without cross wind and steady state running with cross wind, and makes an evaluation of the aerodynamic performance of the train.
TRAIN IN STEADY STATE RUNNING (WITHOUT CROSS WIND)
This text calculates the aerodynamics characteristics of the train in steady state running (without cross wind) at the speed of 200km/h, and then makes a comparative analysis of the calculation results with the aerodynamics characteristics of existing fast electric passenger locomotive with the speed of 200km/h.
Model Introduction
In this text, the calculation model is the Motor Vehicle of 17t-axle-load Centralized Power EMU, whose outline structure is very complex, as shown in Figure  1 . In order to reduce the simulation calculation amount, shorten the cycle of simulation calculation without losing the authenticity of air flow, the protrusions outside the locomotive, such as pantograph, lightning arrester and roof access door, have been removed to enable the surface simplified and smooth, as shown in Figure 2 . For the computational domain, it extensions shall be at least 50 m in each direction from the rolling stock nose position [2] . However the downstream boundary of the computational domain should be as far away from the tail of train as possible to avoid the outlet section from being affected by wake flow of train and make it easy for giving the outlet boundary conditions. This computational domain is 219,185mm long (head of train is 50m away from the front of computational domain, while the tail of train is 150m away from the rear of computational domain), 103,105mm wide (the train is 50m away from both the left and right boundary of the computational domain) and 806,00mm high (20 times of the train height). The computational domain is shown in Figure. 
Meshing
For the computational domain meshing, the mesh quality should be improved as much as possible to assure the accuracy of subsequent calculations if the computer memory allowed. The train and calculation domain surface cells adopt triangular meshes while the body cells use non-structure tetrahedral meshes, and there are a total of 946,450 mesh elements in the entire computational domain. The element quality of meshes is taken between 0 and 1, of which 0 means the worst and 1 the best, and the final element quality of meshes is taken as 0.83.
Calculation Instruction
In general case, as the speed of train is slower (Ma<0.3) compared with that of airplane, so it can be considered as viscous incompressible flow; however, the compressibility [1] of air should be taken into account when making research on issues, such as meeting between two trains, passing tunnel and etc. This text only makes research on the aerodynamic performance of the train in the conditions of steady state running without cross wind and steady state running with cross wind, and thus the air can be considered as viscous incompressible flow. And in FLUENT, Pressure-Based is to make solution for flow field issue of incompressible flow, while Density-Based is to make solution for compressible flow issue [3] , and thus, the calculations in this text use Pressure-Based.
The running speed of the motor vehicle of 17t-axle-load centralized power EMU is U=200km/h, the train width is d=3.105m; the calculation based on the standard EN 14067-4-2013 [2] and Pump Fan and Fluid Mechanics [4] shows that, under an atmospheric pressure (101,325Pa) and 15℃, the kinematic coefficient of viscosity of air is ν=14.53×10-6m 2 /s. And the Reynolds number is [5] Re=Ud/ν=1.19×10
And thus, the flow field around train shows a turbulence state. The turbulence model uses the standard k-ε two-equation turbulence model, and also sets the front and side wall of the computational domain as velocity-inlet, the ground as Moving Wall, the rear as pressure outlet, the train as Stationary Wall, and sets the windward area to perform the calculation [6] .
Calculation Results and Analysis
For the results in pressure contour of the train running at the speed of 200km/h, see Figure 4 , from which we can see that the head of train is subjected to high pressure (positive value), especially in the middle nose wing, and meanwhile the pressure reduces gradually from nose wing to both sides.
For the result comparison with fast electric passenger locomotive with the speed of 200km/h in aspects of aerodynamic resistance, lift force and pitching moment under the same speed, see Table I . From the comparison, we know that the absolute value of aerodynamic resistance and pitching moment of the motor vehicle of 17t-axle-load centralized power EMU is significantly less than that of fast electric passenger locomotive with the speed of 200km/h. And the fast electric passenger locomotive with the speed of 200km/h is positive in aerodynamic lift force while the motor vehicle of 17t-axle-load centralized power EMU is negative in aerodynamic lift force. Relatively speaking, the negative lift force will reduce the possibility of the train climbing rail and jumping rail, but increase the dynamic axle load of train, resulting in bigger contact force between wheels and rail, and thus increase the wear loss to wheel edges. For the 4-axle motor vehicle of 17t-axle-load centralized power EMU, the single axle load is required to be 
TRAIN IN RUNNING WITH CROSS WIND
This text calculates the aerodynamics characteristics of the train running under the conditions that the left cross wind speed is respectively 10m/s, 20 m/s and 30 m/s, and then makes a comparative analysis of the calculation results with the aerodynamics characteristics of existing fast electric passenger locomotive with the speed of 200km/h.
Model Introduction
The train model is as stated in 1.1 of this text. For the selection of computational domain, on the basis of whatever stated in 1.1 of this text, the width of computational domain is increased to avoid the influence of blockage effect. The final computational domain is 219,185mm long (head of the train is 50m away from the front of computational domain while the tail of the train is 150m away from the rear of computational domain), 153,105mm wide (the train is 50m away from left boundary and 100m from right boundary of computational domain) and 80,600mm high (20 times of train height), as shown in Figure 5 . 
Meshing
By adhering to the principle for meshing described in 1.2 of this text, there are a total of 1,477,528 mesh elements, with the element quality of meshes as 0.83.
Calculation Instruction
This calculation uses the Pressure-Based and standard k-ε two-equation turbulence model, and sets the front and side wall of computational domain as velocity-inlet, the ground as Moving Wall, the rear as pressure outlet, the train as Stationary Wall, and sets the windward area to perform the calculation [6] .
Calculation Results and Analysis
Due to the similarity of calculation results, this text selects the pressure contour of train (see Figure 6 ) under the working condition of cross wind 30m/s to make instruction. From the pressure contour, we can see that, due to the cross wind, the area of train surface with a maximum pressure moves from the nose wing at the head of the train to the windward side at front end, and the train is under a high pressure on the windward side and then the pressure decreases gradually at the leeward side and tail of the train. The velocity streamline of the train which is subject to cross wind 30m/s is shown in Figure. 7, from which we can see that the air flow vortex appears at the leeward side of the train.
See Table II for the comparison in aerodynamic drag, coefficient of aerodynamic drag, aerodynamic lift force and the coefficient of aerodynamic lift force results between the motor vehicle of 17t-axle-load centralized power EMU and fast electric passenger locomotive with the speed of 200km/h under the conditions that the cross wind is respectively 10m/s, 20m/s and 30m/s, and the running speed is 200km/h. From Table II , we can see that the absolute value of the aerodynamic resistance and aerodynamic lift force of the motor vehicle of 17t-axle-load centralized power EMU is less than that of fast electric passenger locomotive with the speed of 200km/h under the same operating conditions. See Table III for the comparison in moment of force at each direction between the motor vehicle of 17t-axle-load centralized power EMU and fast electric passenger locomotive with the speed of 200km/h under the conditions that the cross wind is10m/s, 20m/s and 30m/s respectively, and the running speed is 200km/h. From Table  III , we can see that the absolute value of moment of force at each direction of the motor vehicle of 17t-axle-load centralized power EMU is less than that of fast electric passenger locomotive with the speed of 200km/h under the same operating conditions. 
CONCLUSIONS
Firstly, we get the coefficient of air resistance of the train in steady state running without cross wind and the rule of change for aerodynamic resistance along with the change of wind speed of the train in steady state running with cross wind by calculating and analyzing the aerodynamics characteristics of the motor vehicle of 17t-axle-load centralized power EMU in the condition of steady state running without cross wind and in steady state running with cross wind. Secondly, after comparing the calculation results with the aerodynamics characteristics of the Company's existing fast electric passenger locomotive with the speed of 200km/h, we can get to know that the aerodynamic performance of the motor vehicle of 17t-axle-load centralized power EMU is better than that of fast electric passenger locomotive with the speed of 200km/h.
